Social instability stress in adolescent rats (SS; postnatal day 30-45, daily 1 hr isolation +new cage partner) alters behavioural responses to psychostimulants, but differences in voluntary consumption of natural and drug rewards are unknown. SS also is associated with an atypical behavioural repertoire, for example reduced social interactions. Here, we investigated whether SS rats differ from control (CTL) rats in ethanol (EtOH) or sucrose intake in experiments involving different social contexts: alone, in the presence of an unfamiliar peer, in the presence of its cage partner, or in competition against its cage partner. SS rats drank more EtOH than CTL rats irrespective of social context, although the effects were driven primarily by those tested soon after the test procedure rather than weeks later in adulthood. SS and CTL rats did not differ in sucrose intake, except in adulthood under conditions of competition for limited access (SS>CTL). Adolescent rats drank more sucrose than adults, in keeping with evidence that adolescents are more sensitive to natural rewards than adult animals. Overall, adolescent SS modified the reward value of EtOH and sucrose, perhaps through stress/glucocorticoids modifying the development of the mesocorticolimbic system.
| INTRODUC TI ON
The hypothalamus-pituitary-adrenal (HPA) axis is one of the main stress-responsive systems of the body, which, when activated, results in the elevation of glucocorticoid hormones (mainly corticosterone in rats) into circulation (reviewed in McEwen & Gianaros, 2011) .
In response to an acute stressor, corticosterone is released from the adrenal cortex, binds to glucocorticoid receptors (GR) in the periphery and in the brain, and promotes adaptive changes. Examples of such adaptive changes are increasing glucose levels in the blood, suppressing immune responses and other non-essential functions such as growth and reproduction, as well as changes in risk assessment, locomotion and aggressive behaviours (reviewed in Herman, 2013; Oitzl, Champagne, van der Veen, & de Kloet, 2010) . Corticosterone release is terminated via negative feedback actions at GR receptors at all levels of the HPA axis as well as at extra-hypothalamic sites, notably the hippocampus and the prefrontal cortex (reviewed in Herman, 2013) . Under chronic or repeated stress, the concentrations of corticosterone remain higher for prolonged periods of time, which can have detrimental effects on many of the body's systems including brain structure and function (reviewed in McEwen, Nasca, & Gray, 2016) . These effects are typically greater during times of relatively greater brain development, such as perinatal life (reviewed in McEwen & Morrison, 2013) . Adolescence also is a time of greater brain development relative to adulthood and increasingly is recognized to be an additional time of higher sensitivity to stressors and glucocorticoids than is adulthood (reviewed in McCormick, Hodges, & Simone, 2015) . In addition, there is greater, or more prolonged, release of glucocorticoids to a variety of stressors in adolescence than in adulthood (reviewed in Romeo, Patel, Pham, & So, 2016; Spear, 2000) . Thus, the adolescent brain may be particularly malleable by stressful experiences.
Adolescence is a time of development of the behavioural repertoire, and many behavioural differences between adolescents and adults have been characterized. For example, adolescent rats display greater risk-taking and novelty-seeking behaviour and social play than do adult rats (reviewed in Spear, 2000) . In humans, adolescents show greater orientation away from parents and towards peers and increased risk-taking activities compared to adults (reviewed in Schriber & Guyer, 2016; Shulman et al., 2016) . During adolescence, rats spend more time in social interaction than in adulthood (Meaney & Stewart, 1981) , and adolescents experience greater reward value from social interaction than do adult rats (Douglas, Varlinskaya, & Spear, 2004) . Adolescents are also more sensitive to natural rewards and to drugs of abuse than are adults (reviewed in Spear & Varlinskaya, 2010) . Moreover, adolescents are less sensitive to negative effects of ethanol intake compared to adults, which could be one mechanism for their increased intake relative to adults (reviewed in Spear & Varlinskaya, 2010) .
Ethanol is consumed to a greater extent in adolescent than in adult rats across a variety of experimental conditions (Doremus, Brunell, Rajendran, & Spear, 2005) . Additionally, adolescent rats have a higher consumption of sweet substances than do adults, with a peak in consumption at postnatal day 50 (late adolescence) (Friemel, Spanagel, & Schneider, 2010) . Adolescent rats also show greater positive responses to sucrose solutions than do adults using measures of taste reactivity (Wilmouth & Spear, 2009 ). The heightened sensitivity to rewards in adolescents may be a risk factor for drugs of abuse; for instance, the earlier the onset of drinking, the greater the risk of becoming dependent on ethanol (reviewed in Crews, Vetreno, Broadwater, & Robinson, 2016) . In adult humans, consumption of alcohol can happen as a coping mechanism (Dvorak, Pearson, & Day, 2014) , whereas in young adults the main reason to drink alcohol seems to be because of social motives, such as peer pressure (Kuntsche, Knibbe, Gmel, & Engels, 2005) . In humans, the presence of peers increases the perception of the value of rewards in adolescents: in a low risk-taking situation, adolescents watched by peers had increased activation of the ventral striatum, a region involved in the reward system, compared to adolescents who were alone and compared to adults watched by peers (Smith, Steinberg, Strang, & Chein, 2015) . In rodents, the presence of peers increased the intake of ethanol compared to those that were drinking alone (Logue, Chein, Gould, Holliday, & Steinberg, 2014; Varlinskaya, Truxell, & Spear, 2015a) . Thus, adolescence and the social context influence the risk of substance abuse.
The exposure to stressors also is a known risk factor for substance abuse (reviewed in Koob, 2014) . In humans, acute stress exposure is associated with the use of alcohol as a coping mechanism, and although chronic stress exposure reduces the hedonic value of alcohol, chronic stress increases habitual responses to alcohol, which may drive alcohol compulsion and addiction (reviewed in Blaine & Sinha, 2017) . In rodents, although stressors typically increase the self-administration of cocaine, heroin, morphine, nicotine and amphetamine (reviewed in Sinha, 2001) , the effects for ethanol are inconsistent and depend on the model and duration of stress, and whether or not the animal had been previously exposed to ethanol and the testing age. For example, adult rats drinking ethanol after inescapable footshock increase their intake compared to non-stressed rats, but when ethanol consumption is already established, rats do not change their consumption after stress exposure (Meyer, Long, Fanselow, & Spigelman, 2013) .
Most research on the effects of stress on alcohol intake in preclinical models has involved adult animals or prepubertal adolescents (<40 days of age) Meyer et al., 2013; Siegmund, Vengeliene, Singer, & Spanagel, 2005; Wille-Bille et al., 2017) . It is important to investigate older ages in preclinical models of adolescence because adolescence in humans is defined as beginning at puberty (World Health Organization, https://www.who.
int/maternal_child_adolescent/topics/adolescence/dev/en/). The available research in adolescence mostly has involved social isolation housing (Butler, Carter, & Weiner, 2014; Doremus et al., 2005; Schenk, Gorman, & Amit, 1990; Skelly, Chappell, Carter, & Weiner, 2015; Van Waes et al., 2011) . Although often referred to as a social stressor, social isolation housing does not involve the repeated, rapid, and prolonged elevation of corticosterone that usually identifies an event as a stressor and may be better characterized as a severe form of "social malnourishment" (reviewed in McCormick, Green, & Simone, 2017; McCormick et al., 2015; Montagu, 1977) .
Milder forms of social stress that elicit a rapid rise in corticosterone may have broader relevance for normative teenage development and risk. Our model of social instability stress (SS) consists of daily one hour of isolation after which rats are housed with a new cage partner beginning at postnatal day (PND) 30 for 16 days, encompassing a prepubertal and postpubertal period of stress exposure that allows for the investigation of its effects soon after the termination of stress procedures while the rats are still adolescents.
Whereas rats that are administered the SS procedure in adulthood rather than in adolescence habituate (i.e., reduce corticosterone release) to both the daily isolation and to the daily change of cage partner, adolescents have higher plasma corticosterone concentrations one hour after the 16th pairing with a new cage partner relative to age-matched rats undergoing their first isolation and return to a new cage partner ; the increased plasma corticosterone is not attributable to aggressive exchanges, as there is little to no aggression observed in either controls or in SS rats in the homecage during the days of the procedure McCormick, Merrick, Secen, & Helmreich, 2007) . There is some evidence of altered behavioural responses to drugs of abuse in rats that undergo the SS procedure in adolescence, for example heightened locomotor sensitization to amphetamine when tested in either adolescence or in adulthood (reviewed in McCormick, 2010) . These studies, however, were limited by the fact that the drugs were administered to the rats, and thus do not address how readily SS rats would self-administer the drugs. This limitation can be addressed using ethanol, which rats voluntarily consume. A study from Butler's group (Roeckner, Bowling, & Butler, 2017) used our model of social instability stress to investigate its effects on intake of 20% ethanol (two-bottle choice paradigm) in male and female rats during late adolescence until adulthood. They found that SS male rats had higher preference for ethanol compared to other stressed groups (rats that returned to same cage partner or rats that were just isolated), whereas SS female rats did not differ ethanol preference from other groups. This study, however, did not investigate the role of social context in the effects of SS on intake.
In the present study, we predicted that SS rats would consume more ethanol than would CTL rats. Further, based on the atypical social repertoire of SS rats (e.g., SS rats spend less time in social interaction than do CTL rats (Hodges & McCormick, 2019) and evidence that adolescent rats consume more ethanol when in the presence of peers than when alone (Varlinskaya et al., 2015a) , we predicted that social context may be an important moderator in the differences between SS and CTL rats. We predicted greater differences between SS and CTL rats when in the presence of a peer than when alone. Rats were tested in three phases, each involving different social contexts: (a) access to 10% ethanol in a test apparatus either alone or in the presence of an unfamiliar peer (separated by mesh), (b) access to both water and 10% ethanol in a test apparatus in the presence of the cage partner (separated by mesh) and (c) in competition against the cage partner for access to 10% ethanol. We used unsweetened ethanol to avoid any effect of the sweetener. Stressors can also increase the intake of sweet substances (Adam & Epel, 2007) , and we previously reported that when tested in adulthood after SS in adolescence, SS rats had a higher intake of sweetened condensed milk than did CTL rats and were more aggressive with their cage partner in competing for access to the feeder than were CTL rats (Cumming, Thompson, & McCormick, 2014) . To address whether the effects of SS are specific to ethanol or would also be evident with a sweet reward, in a separate experiment with different rats, we also investigated consumption of 1% sucrose in the same three social context phases.
| MATERIAL S AND ME THODS
Male Long-Evans rats (n = 136 in four cohorts) were purchased from Charles River (USA) and arrived on postnatal day (PND) 23. To minimize the effects of shipping, our rats were shipped at the time of weaning F I G U R E 1 Experimental groups and timeline of experimental procedures when they would be undergoing the stress of change in housing that occurs at weaning. For these initial studies, we focused only on male rats only given the large sample size required for the two experiments.
Nevertheless, given that the effects of SS are sex-specific, it will be important to also test females (McCormick, 2010) . Rats were randomly pair-housed in a 30 cm × 33 cm × 18 cm home cage with free access to food and water. The colony room was on a 12:12 hr light cycle (lights on at 05:00 a.m.). Rats were left undisturbed until PND 30, when half of the rats underwent the social instability stress (SS) procedure, while the other half, control (CTL) rats, were left undisturbed except for regular cage maintenance (reviewed in McCormick, 2010) . For the SS procedure, rats were isolated daily in a ventilated container (12 cm × 10 cm) for one hour from PND 30-45 and, after the isolation, rats were returned to a new cage partner every day, never meeting the same rat twice. After the 16th isolation, rats were returned to their original cage partner. The SS procedure was performed during the light cycle at a different time on each day to minimize habituation to the procedure.
After PND 45, rats were randomly assigned either to the 10% ethanol (EtOH) experiment (Experiment 1) or to the 1% sucrose experiment (Experiment 2), with cage partners assigned to the same experiment. 
| Phase 1: Social context and intake of 10% EtOH (Experiment 1) or 1% sucrose (Experiment 2)
On PND 46, after 8 hr of water restriction and one hour after the onset of the dark cycle, 136 CTL and SS rats in both the EtOH experiment or the sucrose experiment were assigned to either the Alone condition or the Social condition. In each experiment, rats were placed individually in one side of a test arena (60 cm × 30 cm × 53 cm) divided into half by a mesh insert (30 cm × 53 cm) in a room illuminated by a dim red light. The other side of the test arena was either empty (Alone condition) or contained an unfamiliar age-and group-matched peer (Social condition). The opposite wall of the test arena had an opening through which a spout could be extended from a bottle placed outside the cage. The bottle contained either a 10% EtOH solution (Experiment 1) or a 1% sucrose solution (Experiment 2). The session was 30 min long and was recorded by a camera mounted to the ceiling. Videos were assessed by an experimenter blinded to the experimental groups. Time spent licking the spout was used as the measure of intake based on previous research indicating a high correlation between time at spout and the volume consumed (Varlinskaya et al., 2015a) . Time at the mesh dividing the apparatus in half was used to test whether rats were aware of the context (Social vs. Alone), and it was used as the index of awareness of the peer.
A total of 72 of the 136 rats were tested again three weeks later at PND 70 (adults) to investigate whether any effects of adolescent social stress on EtOH and sucrose intake would be evident in adulthood after a lengthy "stress-free" period. Rats tested again on PND 70 were left undisturbed after the test session on PND 46 and were assigned to the same conditions and solutions as in their first test in adolescence.
| Phase II: Choice of water and 10% EtOH (Experiment 1) or 1% sucrose (Experiment 2) when with the familiar cage partner
This phase differed from Phase I in which all rats were tested in a social condition, although rather than the context involving an unfamiliar peer, it involved the familiar cage partner. In addition, a water alternative was provided alongside the EtOH (Experiment 1) or sucrose (Experiment 1) solution whereas in Phase I, only EtOH or sucrose was provided.
After Phase I, on PND 47 for the adolescent group or on PND 71 for the adult group, rats began Phase II. For five consecutive days, after 8 hr of water restriction and one hour after the onset of the dark cycle, cage partners were placed in the test arena compartments separated by mesh (same arena as in Phase I). In each one-hour test session, rats in both compartments had access to two bottles: in experiment 1, one bottle contained tap water and the other bottle contained 10% EtOH; in experiment 2, one bottle contained tap water and the other one contained 1% sucrose. The room was illuminated by a dim red light and the session was recorded by a camera mounted to the ceiling. Videos were assessed by an experimenter blinded to the experimental groups. Latency to first drink and time spent licking each spout were measured as in Phase I.
| Phase III: Drinking competition for (A) 10% EtOH or (B) 1% sucrose
After Phase II, on PND 52 for the adolescent group or on PND 76 for the adult group, rats began the Drinking Competition task (Cumming et al., 2014; Malatynska, Pinhasov, Crooke, Smith-Swintosky, & Brenneman, 2007) . The task consisted of one habituation session and five test sessions. All sessions began one hour after the onset of the dark cycle under dim red light. The apparatus consisted of two equally sized 20 cm × 16 cm × 16 cm chambers connected by a 40 cm × 10 cm × 10 cm hallway. At the centre of the hallway was a self-refilling feeder filled with either 10% EtOH (Experiment 1) or 1% sucrose solution (Experiment 2). The feeder had a 1 cm opening that allowed drinking access to only one rat at a time. In the habituation session, rats were habituated individually to the apparatus until they drank from the feeder (a maximum of 15 min). For test sessions, the feeder chamber was separated by two walls allowing each rat to be confined to an end of the apparatus away from the feeder.
The walls were removed at the start of a testing session at the same time to allow each rat the same access to the feeder. On five consecutive days, rats were placed in one chamber of the apparatus with their cage partner in the opposite chamber and, after the walls were removed, both rats could compete for access to the feeder for 5 min. The test sessions were recorded by a camera mounted to the ceiling and videos were evaluated by an experimenter blinded to the experimental groups. Based on our previous investigation with sweetened condensed milk (Cumming et al., 2014) , we quantified the number of face whacks as the measure of aggression. A face whack was defined as one of the rats using its forepaw forcefully to strike the facial region of the other rat (Cumming et al., 2014) . We also counted the number of times rats terminated the drinking bout voluntarily (in the absence of intervention by the other rat) or involuntarily (forced by the other rat either after a number of face whacks or from being shoved away by the partner's body). This competition test was designed to evaluate dominant-submissive relationships (DSR) between pairs of rats (Berdoy, Smith, & Macdonald, 1995) . To determine whether a pair had a dominant-submissive relationship (DSR), paired t tests were calculated on the time spent drinking with the cage mates across the five days. If the p-value was lower than 0.05 (one-tailed), the pair was considered to have a DSR (the rat that spent more time at the feeder was considered dominant, the other submissive, as in (Cumming et al., 2014) ). In the EtOH group, only five in 34 pairs met the criteria for DSR, whereas in the Sucrose group 15 out of 34 pairs met the criteria. Therefore, we did not include this measure in our statistical analyses. Nevertheless, our previous research indicated that although rats in a DSR displayed less aggression and greater consumption than did rats in a non-DSR, the effects of SS in competition for sweetened condensed milk were irrespective of the DSR status of the pair (i.e., main effect of DSR status, main effect of SS, no interaction) (Cumming et al., 2014) .
| Statistical analyses
Statistical analyses were performed using SPSS version 24 software and consisted of analyses of variance (ANOVA) or repeated measures ANOVA, where appropriate. For Phase I, between-subject factors were Stress (CTL, SS) and Social condition (Alone, Social) and the within-subject factor was Time point (10, 20, 30 min) . Because only a subset of rats in Phase I was retested in adulthood, the age groups were analyzed separately. For Phase II, between-subject F I G U R E 2 Mean (±SEM) of (a,b) latency to start drinking EtOH, (c,d) time spent drinking EtOH and (e,f) time at the mesh for CTL (control) and SS (adolescent social instability stress) male rats tested in (a) adolescence or in (b) adulthood. *Significant effect of Stress group, # significant effect of Social condition factors were Stress (CTL, SS) and Age (Adolescent, Adult), and the within-subject factor was Test day (1st day, 5th day). For Phase III, all measures were combined for a pair of competing rats, and betweensubject factors were Stress (CTL, SS) and Age (Adolescent, Adult), and the within-subject factor was Test day (1st day, 5th day). Alpha was set at p < 0.05. Post-hoc analyses consisted of paired-sample or independent-sample t test where appropriate. 
| RE SULTS
rats (F 1,63 = 5.40, p = 0.023), but did not differ in intake (p = 0.108). The two-way and three-way interactions of Stress group, Social con-
| Adulthood
from each other (all p < 0.009). The main effect of Social condition and interactions was p > 0.107 for both latency and intake
SS rats and CTL rats did not differ in the latency to drink (p = 0.381) or in the intake of 1% sucrose (p = 0.629), and there was no effect 
| Phase II, Experiment 1: choice of 10% EtOH and water when with the cage partner
Irrespective of age at time of testing, SS rats drank more EtOH than did CTL rats (F 1,64 = 8.86, p = 0.004) and did not differ in latency to drink (p = 0.45). Rats were slower to drink on the 5th day than on the 1st day (F 1,64 = 7.55, p = 0.008). Other main effects and interactions were p > 0.11, except for the main effect of Age (p = 0.092) and the interaction of Age and Test day (p = 0.072) on latency to drink, and F I G U R E 4 Mean (±SEM) of (a) latency to start drinking and (c) time spent drinking EtOH and (b) latency to start drinking and (d) time spent drinking water for CTL (control) and SS (adolescent social instability stress) male rats tested in adolescence or in adulthood. * Post-hoc analyses indicated that adolescents and adults did not differ in time spent drinking water on the 1st day (p = 0.48), and adolescents increased their time spent drinking water from the 1st day to the 5th day (both p < 0.001) whereas adults did not (p = 0.07), and adolescents spent more time drinking water than did adults on the 5th day (p < 0.001; Figure 4b ,d).
| Phase II, Experiment 2: choice of 1% sucrose and water when with the cage partner
The main result was that irrespective of age at time of testing, SS and CTL rats did not differ in latency to drink (p = 0.781) or in intake (p = 0.626) of sucrose.
Rats had shorter latencies to drink sucrose on the 5th day than on the 1st day (F 1,64 = 17.21, p < 0.001) ( Figure 5 , top left).
Other main effects and interactions were p > 0.18, except for the interaction of Age and Test day (p = 0.058). For the water bottle, rats had longer latencies on the 5th day than on the 1st day (F 1,64 = 4.06, p = 0.048) and adult rats had shorter latencies than did adolescent rats. There was an interaction of Age and Stress group on latency to drink water (F 1,64 = 6.02, p = 0.017). Post-hoc analyses indicated that adult CTL rats were faster than adolescent CTL rats (p = 0.002), and adolescent SS rats did not differ from adult SS rats (p = 0.448). Adolescent CTL rats did not differ from adolescent SS rats (p = 0.117), and adult CTL were faster than adult SS rats (p = 0.020; Figure 5a ).
There was an interaction of Age and Test day for time spent 
| Phase III, Experiment 1: competition against the cage partner for 10% EtOH
The main results were that in adolescence, but not in adulthood, SS rats drank more EtOH and were more resistant to leaving the feeder (more involuntary retreats) than CTL rats.
The time spent drinking increased from 1st day to 5th day 
| Phase III, Experiment 2: competition against the cage partner for 1% sucrose
Irrespective of age, SS rats drank more sucrose than did CTL rats (p = 0.002), and adolescents drank more than did adults (p = 0.018).
Time spent drinking increased from 1st day to 5th day ( 
| D ISCUSS I ON
We tested the hypothesis that SS rats would show increased intake of ethanol relative to CTL rats when tested either soon after the adolescent SS exposure or long after the exposure in adulthood.
Further, we hypothesized that the effect of SS would be moderated by social context. Consistent with the first hypothesis, SS rats exhibited an increase in the voluntary consumption of ethanol, but inconsistent with the second hypothesis, the higher intake of SS relative to F I G U R E 6 Mean (±SEM) of (a) time spent drinking EtOH, (b) voluntary retreats, (c) number of face whacks, and (d) number of involuntary retreats for pairs of CTL (control) and SS (adolescent social instability stress) male rats tested in adolescence or in adulthood. *Significant effect of Stress group, # significant effect of Age. Significant effect of Test day in (a) (c) and (d) not shown control rats was evident irrespective of social context-when alone, in the presence of an unfamiliar peer, in the presence of the familiar cage partner, or when competing for access to ethanol against the familiar cage partner. Overall the differences between CTL and SS rats in ethanol intake were driven by those tested in adolescence rather than in adulthood. In a separate set of the same experiments, we compared SS and control rats on the intake of 1% sucrose and found a higher intake in SS rats than in CTL rats irrespective of age and only in the competition for access task (Experiment 3B).
In this study, rats spent relatively little time drinking ethanol compared with the time spent drinking sucrose and had shorter latencies to drink sucrose than ethanol. Although these involved separate experiments, the differences between ethanol and sucrose are evident in the figures. Also, results provide evidence of unsweetened ethanol's low palatability: in experiment 2A, time spent drinking ethanol decreased from the first to the last test day, whereas rats drinking sucrose increased their intake across days. Nevertheless, ethanol was not aversive; rats did voluntarily consume ethanol, and when they had to compete for access to ethanol (Experiment 3A), their intake increased across days. Differential sensitivity to reward between age groups and the degree of palatability/reward value of the two drinks may be critical factors in the higher intake of ethanol in SS rats compared with CTL rats primarily in adolescence and the higher intake of sucrose in SS rats compared with CTL rats irrespective of age and only in the competition context. In both experiment 2B and 3B, the intake of sucrose was greater for adolescents than for adults, consistent with the finding of greater intake of sweetened condensed milk at PND 50 than in adults (Friemel et al., 2010) . In contrast, for ethanol an age difference was only observed when they had to compete for access to ethanol (experiment 3A). Thus, it may be that the low palatability of ethanol is sufficient to obtain effects of SS only in adolescence because it is a time of peak sensitivity to reward, whereas for more palatable substances, such as sucrose, the high palatability leads to effects of SS that are only observable under conditions of competition.
Most studies of chronic stress in adults that involve sucrose intake have used sucrose preference as a measure of anhedonia, with the expectation that sucrose intake would be diminished, based on evidence that chronic stressors induce depressive-like behaviour (Grippo, Beltz, & Johnson, 2003; Konkle et al., 2003; Sobrian, Marr, & Ressman, 2003; Willner, Muscat, & Papp, 1992) . The extent to which adolescent chronic stressors reduces or increases sucrose intake depends on the procedure and the length of time after stress exposures the rats are tested (reviewed in . For example, social isolation in adolescence from PND 30 to 50 did not affect sucrose intake in adult male rats and increased sucrose intake in adult female rats (Hong et al., 2012) . Female rats that underwent chronic unpredictable stress from PND 23 to 51 decreased consumption of sucrose in adulthood, without any effect in male rats (Pohl, Olmstead, Wynne-Edwards, Harkness, & Menard, 2007) . A mixed stressor procedure (isolation and social defeat) from PND 36 to 48 induced a decrease in sucrose consumption when tested one day after the termination of stress in both males and females (Harrell, Hardy, Boss-Williams, Weiss, & Neigh, 2013) . Our finding of increased sucrose intake in adult males after adolescent SS only in the competition task suggests sucrose only modestly increased hedonic value, perhaps because of the milder nature of the stress procedure. Notably, we previously reported no increase in depressive-like behaviour (immobility; passive coping) as measured in the forced swim test in adult males after adolescent SS (Mathews, Wilton, Styles, & McCormick, 2008) . Instead, SS males showed more climbing than did CTL males, which has been termed "active coping.".
The finding of greater intake in SS than in CTL rats in the competition task is consistent with our previous report of greater intake of sweetened condensed milk in SS rats than in CTL rats when tested as adults (Cumming et al., 2014) . In contrast to that report, however, we did not find SS rats to show more aggression (face whacks) than CTL rats during competition and the number of face whacks observed in experiment 3B was about 5-fold fewer in the 5th session than in the experiment of Cumming et al. (2004) . The difference may be related to the higher palatability of sweetened condensed milk (which contains about 30% sucrose); pairs of rats in that study spent ~100 s at the feeder on the 5th day, in contrast to ~50 s in the adult pairs drinking 1% sucrose and ~8 s in the adult pairs drinking 10%
ethanol in the present study. The lower palatability of the drinks in the present study may also be the reason why no consistent dominant-submissive relationships (whereby one of the pair drinks more consistently than the other) were evident in the competition. Also, the increased aggression in SS rats when competing for sweetened condensed milk was driven by the competitive situation, since they are not aggressive during the SS procedure. Although SS rats did not exhibit more aggression during competition here, that intake, face whacks, and involuntary retreats increased from the 1st to 5th session for both ethanol and sucrose is consistent with our previous report. Overall, adolescents had a greater intake than did adults in the competitions in experiment 3, which is consistent with evidence of a higher sensitivity to rewards in adolescence (reviewed in DoremusFitzwater & Spear, 2016) .
The higher sensitivity to reward in adolescents than in adults has been linked to changes in the neural circuitry mediating reward.
During the adolescent period, there is an increase in dopamine innervations, activity, and number of receptors in the prefrontal cortex, striatum and nucleus accumbens (NAc), which peaks after puberty and plateaus in adulthood (reviewed in Burke & Miczek, 2014) . This maturation process can be influenced by stressors; the ventral tegmental area (VTA) receives projections from the paraventricular nucleus of hypothalamus and expresses corticotropinreleasing hormone receptors (CRHR) and glucocorticoid receptors (GR) (reviewed in Ungless, Argilli, & Bonci, 2010) . Stressful events can increase dopamine release from the VTA via increases in CRH release, and this effect is extinguished by CRH antagonist infusion in the VTA (Wang et al., 2005) . Glucocorticoids also modulate VTA activity: the reduction of GR in dopamine-innervated neurons in the NAc and striatum in mice reduced their motivation to self-administer cocaine (Ambroggi et al., 2009 ) and impaired CPP and locomotor sensitization to low dose of amphetamine (Parnaudeau et al., 2014) .
Rats that underwent the SS procedure in adolescence showed increased locomotor sensitization to amphetamine when tested in either adolescence or in adulthood (Mathews, Mills, & McCormick, 2008) . Thus, the higher intake of SS than CTL rats may be attributable to changes in the mesocorticolimbic circuitry resulting from a greater exposure to glucocorticoids during the SS procedure when these systems are maturing.
One possibility is that the consistently greater intake of ethanol in SS rats than in control rats is based on the anxiolytic properties of ethanol rather than its reward value. Adolescent rats that were restrained for five days show reduced social interactions, but when exposed to ethanol, stressed rats increased social interaction, whereas ethanol reduced social interaction in non-stressed rats (Varlinskaya, Truxell, & Spear, 2013) . This study, however, involved sweetened ethanol, and there was no difference in intake between the stressed and non-stressed rats. We have some evidence of increased anxiety in SS rats based on SS male rats spending less time in the open arms of an elevated plus maze (McCormick, Smith, & Mathews, 2008) , as well as by an increased latency to enter the centre of an open field and in addition to reduced time in social interaction with an unfamiliar peer (Green, Barnes, & McCormick, 2013) . Another possibility is that differences in the drinking of ethanol and sucrose of SS rats compared to CTL rats is because the stress experience modified the sensitivity to taste. The only evidence we know for such a possibility is that neonatal handling decreased positive reactions in response to sucrose compared to control rats tested by taste reactivity in adulthood (Silveira et al., 2010) . Whether SS in adolescence modifies taste sensitivity remains to be determined.
We had predicted that CTL rats, and possibly SS rats, would spend more time drinking EtOH in the presence of a peer than when alone based on Varlinskaya and colleagues (Varlinskaya et al., 2015a) . Our lack of a difference between dinking alone or with a peer is likely because of methodological differences. First, our rats were unfamiliar to each other and kept apart by a wire mesh, whereas in the Varlinskaya study rats were tested in groups of 4 to 5 littermates without any physical separation. We opted for a wire mesh because SS rats do not engage in as much social interaction as do CTL rats when physical contact is possible, but spend as much time (and sometimes more time) than do CTL rats near peers behind mesh Hodges et al., 2017) . Second, the Varlinskaya study involved 6 drinking sessions alternating between the alone and social condition whereas our experiment involved one session only. In a study of social learning, adolescent male rats drink more ethanol after interacting with a familiar demonstrator than after interacting with an unfamiliar one . Thus, the exposure of rats to multiple sessions with their cagemates may have increased the amount of ethanol drank (Varlinskaya et al., 2015a) . In addition, the experiments here involved an unsweetened ethanol solution, whereas in the Varlinskaya study, the ethanol solution was sweetened with sucrose and saccharin. In sum, any of these differences may have influenced the extent to which rats drank when alone vs when with peer(s). Our use of unsweetened ethanol may also be why no age difference was observed in the intake of ethanol. Nevertheless, although most studies found greater intake in adolescent than in adult male rats using sweetened ethanol (Broadwater, Varlinskaya, & Spear, 2013; Doremus et al., 2005; Maldonado, Finkbeiner, Alipour, & Kirstein, 2008; Varlinskaya et al., 2015a; Varlinskaya, Truxell, & Spear, 2015b; Walker, Walker, & Ehlers, 2008) , some have observed the age difference using unsweetened ethanol (Acevedo, Fabio, Fernández, & Pautassi, 2016; Vetter, Doremus-Fitzwater, & Spear, 2007 , but also see Siegmund et al., 2005) .
There have been relatively few studies of how stress in adolescence influences ethanol intake in rats (Acevedo et al., 2016; Wille-Bille et al., 2017) . The studies that have investigated social stressors effects mostly involved isolation housing. For example, a comparison of sweetened ethanol intake in adolescent (PND 23) and adult (PND 60) male rats that were either pair-housed or isolation-housed for 12 days, reported a decrease in intake after isolation in adults, though not in adolescents (Doremus et al., 2005) , which may be related to the addition of sweeteners. In contrast, 6 weeks of isolation housing from PND 21-63 increased the intake of unsweetened 10% ethanol compared to group-housed male rats (McCool & Chappell, 2009) . Rats that were socially housed but were isolated for 12 hr/day every other day from PND 25 to 35 drank more unsweetened 8% ethanol than did control males (Juárez & Vázquez-Cortés, 2003) . Our findings are consistent with these studies and indicate that social instability can increase ethanol intake, as does social isolation housing. The present experiments show that the increased ethanol intake after social instability stress is evident across a variety of social contexts and that the differences may extend into adulthood. The next steps will be to identify the specific neural mechanisms, likely involving the mesocorticolimbic dopamine system, that underlie these effects of adolescent social instability stress. Females typically show higher ethanol intake than males (Broadwater et al., 2013; Lancaster & Spiegel, 1992; Tambour, Brown, & Crabbe, 2008; Varlinskaya et al., 2015b; Wille-Bille et al., 2017 , but also see Dhaher, McConnell, Rodd, McBride, & Bell, 2012; Vetter-O'Hagen, Varlinskaya, & Spear, 2009 ). Thus, it will also be important to investigate the effects of SS on ethanol intake in females. Although Roeckner Bowling and
Butler (2017) did not find an effect of SS in females on intake of 20% ethanol, SS females may show greater effect in the test procedures we used in this study. Further, for some drugs of abuse (nicotine and amphetamine), the effects of SS were greater for females than for males (reviewed in McCormick, 2010) .
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